INTRODUCTION

Transport
of metal ions across biological membranes is frequently mediated by gating proteins which open and close membrane channels. The gating mechanism often involves the binding of activator molecules.
A well-studied example of suoh an ion flux control system is the acetylcholine receptor of electric fish electroplax and of skeletal muscles.
Unequivocal information about the gating mechanism controlling channel opening and closing can be obtained from a study of the transmembrane flow of ions (Neumann and Bernhardt, 1977) . Transport of ions can be indicated electrically (e.g., conductance measurement), or chemically, by direct determination of ion concentrations. Very promising are electrical measurements with planar bilayers into which isolated gating proteins have been incorporated (Schindler and Quast, 1980; Nelson et al. 1980 ).
In the past the tracer ion flux technique has been used extensively as a qualitative indicator for gating processes. Tracer ion fluxes from or into sealed membrane fragments, vesicles or entire cells may be measured.
In the case of the acetylcholine receptor gating system, sealed membrane fragments (microsacs) rich in receptors can be prepared from the homogenate of native tissue (Kasai and Changeux, 1971) ; flux properties can also be studied with lipid vesicles in which isolated receptors are reconstituted. The prime means of investigating gating processes is then the dependence of the flux rate upon the concentration of activator molecules which activate or inactivate the gating system.
In a poineering study Kasai and Changeux (1970) showed that, for micro sacs from Electrophorus electricus, a phenomenological flux parameter based on the half-time for tracer ion efflux exhibits a ligand concentration dependence which parallels in vivo dose-response measurements of the electroplax.
Since then there have been considerable advances in both experimental technique and theoretical analysis of flux data (Hess et al. 1975 (Hess et al. , 1978 Popot et al. 1976; Bernhardt and Neumann, 243 1978, 1980; Moore et al. 1979) . Most promising appears the recent development of rapid quench-flow methods for flux measurement in the ms time range (Hess et al. 1979; Aoshima et al. , 1980; Neubig and Cohen, 1980 
n n=o where 9 is the total number of microsacs, and x(0) is the average initial tracer content of a microsac. ~MO4elling ~ by a normal distribution,
i.e. P = P(n)dn = (2~uz)-I/Zexp ~-~n-n) 2/(2~O2)~dn, n . and substituting lntegratlon over n for the summation, one obtains for efflux:
An analogous derivation yields the corresponding equation for overall influx:
The fundamental Eqs.
(5) and (6) can be recast to illustrate the connection with measurable quantities. For efflu~ one obtains:
o 2~ The probability U In) that the i-th microsac has m of its n total channels inhibited is given by:
Note that now ~=Zm /~n is the fraction of all irreversibly inhibited channels on all t~e microsacs of the suspension: i.e., moles of inhibitor added devided by moles of channels; (~) : n!/rn! (n-m) !] is the binomial coefficient.
For efflux data, the dependence of X(t) on d is given by:
= x(0) 1 [~-(°~/2)lnl]
where l(~,t) = e -<(t) +~(1-e -<(t) )
In order to determine n and 02 it is necessary to measure the d- In Figure  I , I/T'2=k b+k , K t, where T I %2' for influx. The intrinsic flux rate constants ape, for efflux:
and for influx: 
15)
and for influx:
Limiting case (I) should apply to small cationic tracer spec as, while case (II) may be valid for large molecules with low transport rates (Adams et el. 1980; Dwyer et el. 1980 
